Iran is one of the chief origins of subgenus Cerasus germplasm. In this study, the genetic variation of new Iranian sour cherries (which had such superior growth characteristics and fruit quality as to be considered for the introduction of new cultivars) was investigated and identified using 23 intersimple sequence repeat (ISSR) markers. Results indicated a high level of polymorphism of the genotypes based on these markers. According to these results, primers tested in this study specially ISSR-4, ISSR-6, ISSR-13, ISSR-14, ISSR-16, and ISSR-19 produced good and various levels of amplifications which can be effectively used in genetic studies of the sour cherry. The genetic similarity among genotypes showed a high diversity among the genotypes. Cluster analysis separated improved cultivars from promising Iranian genotypes, and the PCoA supported the cluster analysis results. Since the Iranian genotypes were superior to the improved cultivars and were separated from them in most groups, these genotypes can be considered as distinct genotypes for further evaluations in the framework of breeding programs and new cultivar identification in cherries. Results also confirmed that ISSR is a reliable DNA marker that can be used for exact genetic studies and in sour cherry breeding programs.
Introduction
The sour cherry belongs to the family of Rosaceae, subfamily Prunoideae, genus Prunus, and subgenus Cerasus [1] . It is an allotetraploid species (2 = 4 = 32) resulting from a natural hybridization between Prunus avium L. (Sweet Cherry) and Prunus fruticosa Pall. (Ground Cherry) [2] . This species is reported to have originated from the area that comprises Asia Minor, Iran, Iraq, and Syria [3] and has been used as rootstock and also in breeding programs for developing new commercial cultivars, dwarf, and resistant rootstocks [4] [5] [6] . According to the FAO database, Iran ranked third worldwide in 2011 for cherry production after Turkey and the USA with a total of 241 thousand tons produced [7] .
Genetic variability is a prerequisite for any plant breeding program [8] . As an origin of the subgenus Cerasus, Iran has rich cherry germplasm resources. Using diverse Cerasus subgenus resources to broaden the genetic base of cherry cultivars and rootstocks and improving them for development of the cherry industry are important goals for cherry breeders in Iran [9, 10] . Therefore, it is necessary to characterize and preserve these genotypes and cultivars [11] . DNA markers are very useful in distinguishing between accessions and in investigations of genetic diversity or relatedness [12] . Different DNA markers have been broadly used to analyze genetic variations in Prunus, such as RAPD [13] , AFLP [14] , and SSR [15] . The major limitations of these methods are low reproducibility of RAPD, high cost of AFLP, and the need to know the flanking sequences to develop species specific primers for SSR polymorphism [16] . In comparison, intersimple sequence repeats (ISSRs) have been developed that overcome most limitations [17] . These markers involve 2 International Journal of Biodiversity [18] . ISSR gives multilocus patterns which are very reproducible, abundant, and polymorphic in plant genomes [19] . It is useful in areas of cultivar identification, germplasm characterization, phylogenetic relationship analysis, and genetic linkage mapping in a wide range of plant species [20, 21] , including cherries [20] [21] [22] [23] [24] .
In the present study, ISSR analysis was used to evaluate the genetic variation new Iranian sour cherries, with the aim of using the ISSR technique to these genotypes for the use them in cherries breeding programs as well as for conservation management of subgenus Cerasus germplasm in Iran. It is hoped that with supplementary tests and analyses we can identify and introduce new sour cherry cultivars to the fruit industry.
Materials and Methods

Plant Materials.
During the breeding programs, collection, and evaluation of local sour cherry germplasms from different regions in Iran in order to achieve proper cultivars and rootstocks, after five years visual observations, it was found that some of the genotypes had quite superior growth characteristics and fruit quality that they can be considered for the introduction of new cultivars [25] . These superior genotypes were chance seedlings, so they were selected according to the 5-year visual observations and grafted onto "Mahlab" rootstocks which were available in the fruit research collection of the Seed and Plant Improvement Institute in Kamal Abad, Karaj, Iran. Then 2-year determination of the genotypes also approved it and showed that these selected genotypes had such superior growth characteristics and fruit quality [26] . In this study, these selected genotypes (see Table  1 ) and 4 improved cultivars (Bulgar, Montmorency, Erdi Jubileum, and Erdi Botermo) were analyzed. These genotypes were 5 years old and had been planted at 4 × 5 m. The young leaves of these genotypes were collected during May 2012. The characterization of the accessions is shown in Table 1 .
DNA Extraction and PCR Amplification.
Total genomic DNA was extracted from the young leaves using a CTAB (hexadecyl trimethyl ammonium bromide) method, according to the protocol described in Saunders et al. [27] . Then, the DNA extract was suspended in 50 L 1X TE buffer (1 M pH 8.0 Tris-HCl; 0.5 M pH 8.0 EDTA) and kept at −20 ∘ C. The quality and concentration of each DNA sample was determined using a NanoDrop spectrophotometer at 260, 280 nm (ND-1000, Co, USA) and running 3 L DNA in 0.7% (w/v) agarose gels in 0.5X TAE buffer. 30 ISSR primers which were selected by Agricultural Biotechnology Research Institute Laboratory, Esfahan, Iran, according to [21, 22, 24, 28, 29] studies and synthesized by Metabion Co. (Germany) were used. These synthesized ISSR primers were initially screened and finally 23 primers were selected to be used in this study. The list of primers and their information are presented in Table 2 . For PCR analysis, approximately 25 ng of genomic DNA was used in a 25 mL reaction containing 1X PCR reaction buffer, 2 mM MgCl 2 , 0.8 mM dNTPs, 5 pmol of each primer, 1U Taq DNA polymerase (Fermentas, Lithuania), and DNA-free water. Amplifications were performed in a thermocycler (Applied Biosystems, Veriti, USA) programmed for a first denaturation step of 3 min at 94 ∘ C, followed by 40 cycles of 30 s at 94 ∘ C for denaturation, 30 s at 30-57 ∘ C (varied for each primer according to Table 2 ) for annealing, 1 min at 72 ∘ C for elongation, and final extension at 72 ∘ C for 5 min. They were then held at 4 ∘ C until the tubes were removed. Amplified products were separated by electrophoresis in 1.5% (w/v) agarose gels at constant voltage (95 V) in 1X TAE buffer for approximately 90 min, stained with gelred, and photographed with UV light (Figure 1 ). The size of produced fragments was defined according to size marker (GeneRuler 1 kb DNA ladder, SM0311, Fermentas).
Data Analysis.
Only reproducible and well-defined alleles were considered potential polymorphic markers. The alleles scored as present (1) or absent (0) with Phoretix Pro, ver. 10.4 software. In order to increase the accuracy of the scoring, each gel electrophoresis was scored in three replications. The cophenetic correlation coefficient (CCC) was calculated and the similarity matrix was used for the cluster analysis and construction of dendrogram using the Simple Coefficient and Unweighted Pair-Group Method with Arithmetic average (UPGMA) [30] and for genetic relationships among subgenera and sections, Principal Coordinate Analysis (PCoA) and three-dimensional projection of genotypes (3D) [31] were used using the NTSYS software ver. 2.02 [32] . The following parameters were calculated for each primer: number of total alleles per locus, number of polymorphic alleles, polymorphism percentage, Polymorphism Information Content (PIC), average gene diversity (Hi), and fragment size. Polymorphism percentage was calculated using the ratio of number of polymorphic alleles to total alleles [33] . PIC was calculated as described by Warburton and Crossa [34] 
2 ), where is the proportion of the population carrying the th allele calculated for each microsatellite locus and is total alleles. Average gene diversity was calculated by direct counts for the putative locus, identified by each primer described by the IPGRI and Cornell University [33] method ( = 1 − 2 − 2), where and are the frequency of the th allele. 
Results
The results of ISSR fingerprinting of 12 sour cherry genotypes using 23 primers are given in Table 2 . Results showed that 489 alleles were generated at 23 ISSR loci, 482 of which were polymorphic. Table 2 ). Fragment size of the 23 primers ranged from 280 to 3200 bp. The lowest ranges were those of ISSR-19 (280-1600) and ISSR-4 (400-1400), and the highest range was related to ISSR-16 and ISSR-23 (400-3200) bp ( Table 2) .
The highest cophenetic correlation coefficient based on ISSR data with a simple similarity coefficient was ( = 0.91) ( Table 3 Table 1 . M: weight marker: 1 kb DNA. suitability of the grouping method. The CCC is considered to be a good representation of the data matrix in the dendrogram if it is 0.80 ≤ CCC [35] . Thus, the similarity matrix was used for the cluster analysis and construction of dendrogram using the simple coefficient and UPGMA. Genetic similarity between genotypes was estimated using the simple similarity coefficient. The genetic similarity ranged from 0.56 to 0.77 with an average of 0.72. It showed a high diversity among genotypes. The EsASC1V1SS1 and Bulgar showed the lowest similarity (0.56), and the KaThMe3Ge19 and KaThLa8Ge31 showed a high similarity (0.77). Other genotypes such as Bulgar with KaTaJo2Ge9 (0.58), KrRIV4C20 (0.59), and Erdi Botermo (0.59) had low similarity. Moreover, KaThLa8Ge31 with KrRIV4C20 (0.75), Erdi Jubileum (0.75) and KaThLa3Ge23 (0.76), KaTaJo2Ge9 with KrRIV4C20 (0.76), and Ka ThMe3Ge19 with Erdi Botermo (0.76) had high similarity (Table 4) .
A dendrogram based on the simple similarity coefficient and UPGMA analysis is presented in Figure 2 . According to the dendrogram, genotypes were separated into two main clusters. Promising Iranian genotypes were separated from the improved cultivars and were further divided into eight subclusters with a genetic similarity of 0.72. One (I) included the KaThLa1SSGe21 genotype (from Lavasan), two (II) included Hamedan (Hamedan), and subcluster three (III) contained KaTaJo2Ge9 (Taleghan) and KrRIV4C20 (Kerman). These two genotypes were similar to the matrix 0.76, so it seemed that they had the same genetic origin. Subcluster 4 (IV) which was the biggest subcluster included KaThMe3Ge19 (Chalus), KaThLa8Ge31 (Lavasan), KaThLa3Ge23 (Lavasan), and Erdi Botermo (Hungary (France). According to these results, it seems that the genetic diversity of the sour cherry genotypes was not entirely a function of geographical variation; thus, the genotypes of the 4th subgroup with different distribution centers were placed in adjacent genetic groups. The genetic relationship between these genotypes was also visualized by performing PCoA that showed two significant axes, which explained 16.70% and 12.36% of the total variance, respectively. The first two eigenvalues accounted for 29.06% of the variation observed in the genotypes (Table 5 ).
The two-dimensional plot generated from PCoA also supported the clustering pattern of the UPGMA dendrogram ( Figure 3 ). This reflected a higher genetic diversity in the studied collection, which was confirmed by a principle component analysis of the genotype data. Results of this analysis showed a wider genetic distribution of genotypes in the studied collection.
In the three-dimensional PCoA plot, generally, similar groupings with the UPGMA dendrogram and additional information were also revealed. The first three principal axes accounted for 16.70%, 12.36%, and 10.52% of the total variation, respectively, indicating the complex multidimensional nature of ISSR variation (Figure 4 ). 
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Discussion
Iran is accepted as an origin and diversity center for cherries. In this study, we report for the first time the use of ISSR markers to assess the genetic characterization and to determine genetic relationships between promising Iranian sour cherry genotypes selected from different regions of Iran and improved cultivars. In the present study, 23 ISSR loci in sour cherry genotypes were assayed. The results obtained showed that ISSR primers can be effectively used for genetic diversity studies as well as genetic identification of sour cherries, which was also found in other investigations of cherries [20] [21] [22] [23] [24] . In fact, primers tested in this study produced good and various levels of amplifications. A total of 489 amplified products were obtained using 23 ISSR primers. The average number of total alleles per locus identified in this study (21.26 ) was higher than the number identified in other studies of cherries. Average polymorphism percentage across all genotypes was 98.45% indicating a high level of polymorphism. Among the 23 loci, ISSR-6, ISSR-13, ISSR-14, and ISSR-19 had the highest polymorphic alleles. Shahi-Gharahlar et al. [24] in their study of 12 ISSR primers Table 1. tested on 39 accessions of Iranian wild Prunus sub-cerasus reported that these ISSR primers generated 156 alleles and that the number of alleles per locus ranged from 9 to 19 with an average of 13 alleles, and the polymorphism percentage was 81.80-100% with an average of 96.46%. Ganopoulos et al. [20] studied 10 ISSR primers on 19 Greek traditional sweet cherries and two international cultivars. They reported that these ISSR primers generated 91 alleles and that the number of alleles per locus ranged from 2 to 10 with an average of 9.1 alleles, and the polymorphism percentage was 25-75% with an average of 57.7%. Moreover, Li et al. [22] studied 18 ISSR primers on 10 Chinese sour cherries and reported that these ISSR primers generated 150 alleles and that the number of alleles per locus ranged from 4 to 13 with an average of 8.33 alleles, and the polymorphism percentage was 1.33-32% with an average of 18.67%. The high number of generated alleles in our study may be due to the use of several different genotypes that had high genetic diversity.
The PIC values ranged from 0.85 to 0.96 with a mean value of 0.93. The high value of PIC represents the larger number of alleles and polymorphism [18] . Yilmaz et al. [21] in their study of 20 ISSR primers tested on 16 genotypes from [20] reported that gene diversity ranged from 0.29 to 0.48 with an average of 0.36. This particular average gene diversity value (0.41) was higher than that (0.36) identified in another survey [20] . The high ℎ showed a high diversity among sour cherry genotypes. Fragment size of the 23 primers ranged from 280 to 3200 bp. Band size ranges using ISSR markers were also found in other investigations of cherries with the range of 530-3100 bp [20] , 231-1986 bp [22] , 400-1950 bp [23] , and 200-2100 bp [24] .
According to these results, primers tested in our study produced good and various levels of amplifications as compared to other studies. For example, Shahi-Gharahlar et al. [24] in their study on subgenus Cerasus used ISSR-2 primer and reported that this primer produced 12 total alleles with polymorphism percentage of 91.70% and fragment size of 250 to 1200 bp, while in our study this primer produced 21 total alleles with polymorphism percentage of 100% and size range of 400-1500 bp. Also Li et al. [22] used ISSR-20 primer in sour cherries and reported that this primer produced 7 total alleles with size range of 281-1458 bp, while this primer produced 16 total alleles with polymorphism percentage of 100% and size range of 400-2800 bp in our study. Moreover, Yilmaz et al. [21] tested ISSR-3 and ISSR-18 primers in genus Prunus and reported that these primers produced 13 and 9 total alleles with polymorphism percentage of 100 and 89%, respectively, while we found that these primers produced 25 and 15 total alleles with polymorphism percentages of 96 and 93%, respectively. Also these primers have been tested by other researchers in various species. For example, Sofalian et al. [28] studied ISSR-2, ISSR-3, and ISSR-5 primers on wheat accessions. They reported that these primers produced 3, 15, and 10 total alleles, respectively, while the total alleles produced by these primers in our study were higher than their study. Moreover, Acharya and Sharma [29] in their study on genus Papaver tested these primers and reported that ISSR-1, ISSR-6, ISSR-8, ISSR-10, ISSR-11, and ISSR-19 did not produce any band, while in our study these primers produced good and various levels of amplifications. So ISSR-6 and ISSR-19 had the highest number of alleles (29 alleles). The highest number of alleles in their study related to ISSR-2 (4 alleles) and ISSR-3 (6 alleles). Our results indicated a high level of polymorphism of the genotypes based on these markers specially primers with high numbers of polymorphic alleles, polymorphism percentage, PIC values, and gene diversity were to ISSR-4, ISSR-6, ISSR-13, ISSR-14, ISSR-16, and ISSR-19, which can be used effectively in genetic diversity studies of the sour cherry.
Autochthonous varieties, cultivars, and wild genotypes are rich resources for genes for breeding objectives [10, 11] . The mean number of alleles produced by Iranian genotypes was higher than the number of alleles produced by foreign genotypes. These results indicated that since the Iranian genotypes were not selected for breeding programs, they were more likely to have a more diverse genetic background, and they can be used to select different genotypes in order to produce new cultivars. The high average gene diversity with a mean of 0.41 and the high number of alleles observed with a mean of 21.26 for all loci showed that these ISSR markers are highly polymorphic and can be useful in the study of genetic diversity.
Genetic similarity between genotypes ranged from 0.56 to 0.77 with an average of 0.72, which showed a high diversity among the genotypes. Cluster analysis with a genetic similarity of 0.72 divided the genotypes into eight distinct groups that separated Iranian genotypes from improved cultivars, and PCoA supported the cluster analysis results. These genotypes grouped within the same cluster in the dendrogram also occupied the same positions in two-dimensional scaling. Shahi-Gharahlar et al. [24] reported that the genetic similarity measured within 39 accessions of subcerasus ranged from 0.04 to 0.85 with an average of 0.28. A dendrogram constructed according to ISSR data of these genotypes divided them into 11 subclusters in which improved cherry cultivars were separated from wild genotypes, and this is consistent with the results of our study.
Conclusions
In summary, the good discrimination efficiency and high reproducibility of ISSR markers make them particularly suitable to identify the closely related and unknown sour cherry genotypes. In addition, the high genetic diversity observed within superior Iranian sour cherry genotypes and improved cultivars reflects the necessity for the conservation of this germplasm. Since the Iranian genotypes were superior to the improved cultivars and were separated from them in most of the groups, these genotypes can be considered as distinct genotypes for further evaluations in the framework of breeding programs and new cultivar identification in cherries. Hence, it is expected that the results of this study will assist current sour cherrybreeding efforts in Iran and will maintain the genetic integrity of the genetic resources. It is hoped that with supplementary tests and analyses we can identify and introduce new sour cherry cultivars to the fruit industry.
